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the number of experiments performed, the number of variables that can be
tested for effect, and the efficiency of approach to the optimum experiment
with the fewest number of replications. The simplex method (Walters et al.,
1991) has been employed widely for optimization, especially in chromatog-
raphy. For simplex optimization, the number of experiments needed to
reach an optimum set of conditions is less than all possible combinations.
This method is evolutionary in that it directs the experiment toward the
optimum, the computations are simple, and it is amenable to automation.
Self-optimizing analytical systems based on simplex optimization have been
described in the literature. The use of self-optimizing analytical instru-
ments would be of great value for unattended instrumentation in ocean
measurements. The application of standard experimental design methods to
oceanic measurements should be a routine part of designing all experi-
ments, particularly those that are expensive to perform and difficult to re-
peat.

Calibration and mixture analysis addresses the methods for performing
standard experiments with known samples and then using that information
optimally to measure unknowns later. Classical least squares, iterative least
squares, principal components analysis, and partial least squares have been
compared for these tasks, and the trade-offs have been discussed (Haaland,
1992). These methods allow a superior spectroscopic experiment to be
performed because they allow the calibration of the method to depend in an
optimal way on the experimentation done. These calibration methods en-
sure that the best measurements are done. They are especially useful for
noisy data with substantial interferences, such as those found in many types
of ocean science measurements.

Multivariate model building allows the construction of models to con-
nect independent variables and observations. Multiple linear regression
analysis, principal components regression, partial least squares, and many
other advanced statistical techniques have been used. The goal of such
investigations may be estimation of the parameters in a mathematical model
to assess the relative importance of the independent variables on the depen-
dent variable, or it may be to generate the ability to predict unknown obser-
vations. Validation of the models constructed using either internal valida-
tion (such as jackknifing or duplexing) or external prediction (true prediction
of unknowns) is an important component of such studies. Another impor-
tant component of such studies is the determination of how to choose the
best set of independent variables from among those available. Principal
components analysis, factor analysis, and partial least squares have been
used successfully in this area, especially for spectral data.

Classification and clustering methods allow the analysis of data when
the observations to be explained are not quantitatively known. Discrimi-
nants can classify patterns of data into categories. Clustering methods can